We have constructed new plasmids that can be used to clone transcription terminator containing DNA fragments between the first gene of the tryptophan (trp) operon and the tetracycline resistance (tet) gene. Both genes are under control of the trp promotor. Therefore the presence of a transcription termination signal on cloned fragments can be monitored by a decrease in expression of the tet gene. The plasmids contain cloning sites at different distances from the translation start signal. Consequently a cloned DNA fragment can be translated in the three possible reading frames, offering the opportunity to distinguish terminators from translation polarity (pseudo-terminators). The usefulness of the plasmids was shown by the cloning of the trp terminator and of a pseudo-terminator located in the trpB gene.
INTRODUCTION
Gene expression is a very intricate process which is controlled, in part at the level of transcription. RNA synthesis is regulated not only at a transcription initiation region but also at a termination region (1) . Transcription termination is dependent on the DNA structure of that region as well as on cellular components, like the transcription termination factor Rho (2) . A comparison of the primary structure of a number of bacterial terminators has shown that there exist certain commonalities among terminators. The contribution of these common sequences in the mechanism of termination is not yet known (5) .
To facilitate the study of termination sequences plasmids have been constructed for the cloning of these regulation signals (4, 5) . These plasmids have the property that DNA fragments, containing terminators, can be inserted between a promotor and a structural gene. The presence of a termination sequence between a promotor and a structural gene reduces or even blocks the expression of that gene. This property can be used for the identification of DNA fragments containing a termination signal.
Transcription termination occurs at terminators at the end of a gene, in-dependently of protein synthesis. Transcription can also be arrested at terminator sequences in a gene -pseudo terminators -, but termination at these sites is dependent on protein. RNA synthesis is arrested at these pseudo-terminators when protein synthesis stops prematurely at a site located upstream of the terminator (6, 7) . Therefore the block of expression of the structural gene by insertion of a DNA fragment in front of it, signifies the presence of either a terminator or a pseudo-terminator.
In this paper we describe the construction of new plasmids that offer the possibility to distinguish between terminators and pseudo-terminators. The plasmids contain cloning sites between the first gene of the tryptophan (trp) operon and the structural gene that encodes tetracycline resistance (tet). The latter gene was brought under control of the trp promotor. The usefulness of the plasmids for the cloning of transcription termination signals was tested by the cloning of a terminator, the trp terminator and of a fragment of the trpB gene containing a pseudo-terminator.
METHODS AMD MATERIALS
A) Genetic procedures. Transformation of j5. coli bacteria was carried out as described by Kushner (8) . After transformation bacteria were plated on minimal medium agar plates containing tetracycline (2-75 ug/ml) and selected for tryptophan independence and/or tetracycline resistance.
Tetracycline resistance was determined by plating of bacteria on minimal medium agar plates containing tetracycline. Agar plates were made freshly before each experiment and were inspected for colony formation after incubation for 17-40 h at 57 °C.
The j^. coli bacteria] strains used, are listed in Table 1. B) Construction of plasmids 1. General procedures. To introduce new restriction sites in plasmid DNA, synthetic oligomers (linkers), containing a restriction site, were ligated to plasmid DNA after cleavage at a desired site with a restriction enzyme. For linkers used see Table 2 . If necessary, single stranded protruding ends, e.g. those created by cleavage of plasmid DNA with EcoRI or Hxndlll were made blunt with T4 DNA polymerase in the presence of a mixture of four deoxyribonucleoside triphosphates. In other cases single stranded ends were removed with S1 endonuclease. After ligation of the linker to these ends the DNA was incubated with the appropriate restriction enzyme, to obtain single stranded cohesive ends.
This linear DNA was isolated on an \% agarose gel, circularized and used for transformation. (9) and comprises the t e t gene from pBR313 (10), the t r p operon from 15. c o l i and the origin of r e p l i c a t i o n from pBR345 ( 1 1 ) . I t was obtained by digestion of pHP3 with Smal, followed by joining of an EcoRI l i n k e r to the ends and l i g a t i o n of the products to pBR345, a f t e r cleavage with EcoRI.
3* Construction of d e r i v a t i v e s of plasmid pEP165.
-Plasmid pEP168 with a single EcoRI s i t e between the trpE and t e t gene.
To construct a plasmid (pEP168) with a single EcoRI s i t e between trpE and the t e t gene both EcoRI s i t e s in pEP165 were removed. Plasmid pEP165 was digested with EcoRI and the single stranded ends of the two fragments were made blunt with T4 DNA polymerase. After l i g a t i o n of the two fragments with T4 DNA l i g a s e
and transformation of ]S. c o l i trpE e b a c t e r i a , plasmid pEP167 was obtained with no EcoRI s i t e s . Plasmid pEP168 was obtained by digestion of pEP167 with H i n d l l l , the single stranded ends were f i l l e d in with T4 DNA polymerase and an Table 2 . Structure of the l i n k e r s used. 
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The Knpl and EcoRI l i n k e r s were a g i f t from H. Heijneker, the P s t I and H i n d l l l l i n k e r s were purchased from Collaborative Research (USA).
EooRI s i t e was introduced, as described under B1.
-Plasmids pEP7O through pEP75 with a single PstI or Kpnl restriction s i t e between the trpE and t e t gene. Plasmids pEP70 and pEP71 were obtained as described above by introduction of a PstI or a Kpnl restriction s i t e , respectively, by ligation of a linker to the filled in Hindlll site of pEP165. Plasmids pEP72 and pEP73 were derived from pEPi68 by introduction of a PstI or a Kpnl s i t e by introduction of a linker at the EcoRI s i t e , as described for pEP7O and pEP71. Plasmids pEP74 with the PstI and pEP75 with the Kpnl s i t e , were constructed in the same way, except that the EcoRI ends were made blunt with S1
endonuclease instead of with T4 DNA polymerase.
4. Construction of pEP162 and pEP1651.
-Plasmid pEP162 with a reversed Sall-Sall fragment. Plasmid pEP162 ( -Plasmid pEP1651 with the trp terminator before t e t . To obtain pEP1651, pEP162 was digested with Hindlll and the 2.9 kilobase (kb) fragment with the trpA gene and the trp terminator (t) was isolated. This 2.9 kb fragment was ligated with pEP165 D N A which was also digested with Hindlll (Fig. 2) . The ligated mixture was used to transform 13. coli trpA bacteria (KMBL 3751 ) to
Trp .
5j_ Construction of pEP200, pEP201 and pEP41 with a trpB fragment before tet. For the construction of pEP200 we have made use of pEP168 and pEP1652.
The latter plasmid is the same as pEPi651 (Fig. 2) and T4 DNA ligase were as described before (9) . Gelelectrophoresis was performed on agarose gels (1^, Miles) as described before (9) . DNA fragments were electrophoretically eluted from the agarose gels and collected in a small dialysis tubing. The eluted DNA was purified by phenol extraction. After precipitation with ethanol the DNA was dissolved in a small volume, and used for ligation experiments.
EcoRI was purchased from Miles (USA) and PvuII from Biolabs (USA). Hpal, T4 DNA ligase and T4 DNA polymerase were purified as described before (9). Sail Table 3 . Plasmids Hallewell and Emtage (13) the Tet phenotype of bacteria is affected by the presence of repressor (tryptophan) or inducer (36-indole acrylic acid) in the medium, when the tet gene is brought under control of the trp promotor. We have confirmed their data by showing ( Table 4 ) that bacteria (JA221) containing pEP165 grow at a tetracycline concentration of 50 ug/nl in the absence of tryptophan. In the presence of tryptophan (200 ug/ml) they do not grow at this concentration of the drug but the repression by tryptophan does not completely block the expression of the tet gene; bacteria, containing pEP165, do grow at a lower tetracycline concentration of 30 ug/ml in the presence of 200 ug tryptophan per ml (results not shown). At a tetracycline concentration of 60 ug/ml JA221-pEP165 does not grow. However, in the presence of the inducer 3B-indole acrylic acid the bacteria do grow. In the presence of this inducer they even grow at a tetracycline concentration of 80 ug/ml (results not shown). The presence of tryptophan or 3B-indole acrylic acid has no effect on the tetracycline resistance of bacteria containing pHP16 or pBR322 (Table 4) .
From these results we conclude that the expression of the tet gene in pEP165 is under control of the trp regulatory region.
Plasmid pEP165 has a ribosome binding site -the ribosome binding site of the trpD gene -located upstream of the Hindlll cloning s i t e . Translation of a fragment cloned into the Hindlll fragment starts at the trpD ribosome binding Table 4 . The effect of tryptophan (trp) and 36-indole acrylic acid (IAA) on the growth of plasmid DNA containing bacteria in the presence of tetracycline ( t e t ) . Table 3 .
Insertion of a DNA fragment containing the trp terminator into pEP165* We have first tested the applicability of our plasmids for the cloning of transcription terminators by cloning a well known transcription terminator i.e. the trp terminator into the Hindlll site of pEP165-
The trp terminator (t) is located at the end of the trp operon beyond trpA (14) and can be obtained from the plasmid pHP16 (Fig. 1 ) . To clone the terminator into the Hindlll site we wished to have a fragment with two Hindlll ends and a selectable marker, the trpA gene. To obtain such a fragment we first constructed another plasmid, pEP162, in which the orientation of the Sall-Sall fragment containing the origin of replication was inverted (Fig. 2) . The 2.9 kb
Hindlll fragment from pEP162, with the trpA gene and the trp terminator was then inserted into the Hindlll site of pEP165. Plasmid DNA from tetracycline sensitive bacteria was isolated for the determination of the plasmid structure.
The plasmid which contained the 2.9 kb Hindlll fragment between the trpE and the tet gene in the expected orientation was designated pEP1651 (Fig. 2 ) .
Transcription termination at the end of the trp operon is dependent on the transcription termination factor Eho (15) . In the absence of this protein RHA polymerase molecules will read through this terminator. If the lack of expression of the tet gene in pEP1651 is the consequence of the presence of the trp terminator between the promotor and this gene, the expression of the tet gene should be influenced by the transcription termination factor Rho. Bacteria lacking a functional Rho protein will show a reduced termination at the trp termination site, that will result in an increased expression of the tet gene. (Table 5 , line 4 ) . The Rho property has no effect on the tetracycline resistance of bacteria (N337), containing pBR322, pHP16 or pEP165, while bacteria without plasmid are sensitive to a tetracycline concentration of 1 ug/ml (Table 5 , lines 1, 2, 3 and 5).
We conclude that the expression of the tet gene in pEP1651 i s blocked because of a Rho dependent transcription termination signal between the trp promotor and the tet gene.
Insertion of a DNA fragment containing a pseudo-terminator. We have tested also the applicability of our plasmids to identify pseudo-terminators, by the cloning of an internal fragment (Hindlll-Hpal) of the trpB gene (Fig.   3 ). Evidently this fragment does not contain a terminator, yet insertion of the Table 5« The effect of Rho factor on the expression of the tetracycline resistance (tet) gene. fragment in pEP73 (pEP44) blocks the expression of the tet gene (Table 6 ).
Since the Tet phenotype is restored in the presence of an ochre suppressor we assume that the fragment contains a pseudo-terminator. Apparently, by suppression of a non-sense codon, translation proceeds beyond the pseudo-terminator, relieving the polar effect on the expression of the t e t gene.
The trpB fragment was cloned into different plasmids through which the sequence was translated in the three possible reading frames. Knowing the sequence of the trpD (16) and trpB genes (17) i t is possible to predict the translation reading frame of the Hindlll-Hpal fragment cloned in different plasmids (Fig. 4 ) . Plasmids pEP31 and pEP61 have an open reading frame all through the trpB fragment. In plasmid pEP41 and pEP45 the trpB fragment is translated in the other two reading frames with translation stopsignals occurring at the 39th (TGA) and 49th (TGA) t r i p l e t of the trpB gene, respectively.
Plasmid pEP44 has the same reading frame as pEP45 but contains a translation stopsignal at the junction of the linker and the trpB sequence.
Bacteria containing plasmid pEP31 , pEP61 or pEP45 show the same tetracycline resistance as is found for bacteria containing pEP165> However, the two other plasmids (pEP41 and pEP44) don't confer the bacteria to tetracycline resistance. From these results we conclude that the change of the translation Table 6 . The effect of an ochre suppressor supB on the tetracycline resistance of bacteria containing plasmid DNA. (16) and the sequence of the trpB fragment starts at the 30th codon (17) . The structure of the linkers used i3 shown in Table 3 reading frame of the trpB fragment, affects the expression of the tet gene.
DISCUSSION
In this study we have exploited the tetracycline resistance marker to construct plasmid vectors which can be used to clone transcription termination signals. This was achieved by splitting of the tet gene and placing its structural part behind trpE, under control of the trp promotor. This has yielded a plasmid, which confer tetracycline resistance to the host bacteria. As the site to insert DNA fragments into the plasmid we have chosen one between trpE and tet. This has the advantage that expression from the promotor which controls the tet gene is assured, if one selects for the product of the gene upstream of the insertion, trpE. A decrease of the tetracycline resistance then signifies the presence of a transcription termination signal on a cloned DNA fragment.
The loss of the tetracycline resistance can be used indeed as a selection for cloning transcription terminator containing DNA fragments between trpE and tet, as was demonstrated by cloning a DNA fragment containing the trp terminator. The following arguments lead to the conclusion that the tetracycline sensitivity of pEP1651, in which the trp terminator is cloned, is due to transcriptional termination at the trp terminator.
I. Tetracycline resistance of bacteria containing pEP1651 is Rho dependent.
The bacteria become tetracycline resistant when they lack a functional Rho protein. This indicates that the tetracycline sensitivity is due to transcriptional termination. The tetracycline resistance level, observed for pEP1651 is 8% of that found for pEP165. This level closely corresponds to the value which one would expect, assuming 1% read-through at the trp terminator (15) . We conclude that the absence of tet gene expression in pEP1651 is due to transcription termination at the trp terminator which is present between the tet gene and the trp promotor.
II. In pEP1651 a segment of trpB is fused to the trpD segment of the vector and is translated in the correct reading frame. Therefore transcriptional pola- Table 2 ) in the construction of the different plasmids reveals that in pEP31 and pEP61 the inserted trpB fragment is read in the correct frame (Pig. 4 ) . The reading frame of pEP45 has shifted by one basepair (+1) and contains stopcodons, the first one being an opal codon (TGA) at the 49th triplet of trpB. These plasmids confer a Tet phenotype to bacteria. The reading frames of pEP44 and pEP45 are the same but pEP44 contains an amber codon (TAG) at the junction of the linker and trpB, that is absent from pEP45«
In pEP41 the reading frame has shifted 2 basepairs (-1). In this plasmid the first stopcodon is an opal codon at the 39th triplet of trpB. Bacteria containing pEP41 are Tet . The results can be explained by assuming that transcription of the tet gene is strongly reduced, when translation is arrested at or before the 39th triplet of trpB, but proceeds uninterrupted, when translation passes beyond the 49th triplet. Consistent with this interpretation is the finding that pEP44, although it is read in the same frame as pEP45, yields Interestingly the sequence between the 41th and 50th triplet of trpB can be folded into a stem and is followed by a row of A residues. This structure is reminiscent of the structures found at termination signals (3; Fig. 5 ) . We propose that RNA synthesis is arrested at this site under conditions that translation of this region of trpB is prohibited. From in vitro transcription studied Shimizu and Hayashi (19) and Pannekoek, Perbal and Pouwels (20) have postulated the presence of a Rho dependent transcription terminator near the trpC-trpB border. The pseudo-terminator investigated in this study might be the structure that was suggested by those investigators.
The distinction between tetracycline sensitive and tetracycline resistant bacteria forms the basis of the selection of transcription terminator containing fragments. In principle plasmids with a cloned terminator also offer the oppertunity to isolate mutations in the terminator by selecting bacteria with a tetracycline resistant phenotype, starting from tetracycline sensitive bacte-
